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I. INTRODUCTORY. By H. H. DALE.
EARLY in 1915 the Medical Research Council were

requested by the Board of Trade to undertake the
biological testing of the different preparations corre-
sponding to 606 (salvarsan) and 914 (neosalvarsan),
which were to be offered for sale and for therapeutic
use in this country. When 606 was first introduced,
Ehrlich drew attention to the chemically uncontrol-
lable variations in the toxicity of the product, and the
necessity for testing every batch, to ensure absence of
.undue toxicity, before it-was issued for use. Every
batch of salvarsan made in Germany has, accordingly,
from the first been tested at the Georg-Speyer Haus,
in Frankfurt, before its issue. - There is no evidence
that the same practice has been adopted in the case
of neosalvarsan ; the pamphlet accompanying each
package of this product contains no indication of the
performance of a biological test, such as is described
in detail in the pamphlet accompanying each ampoule
of salvarsan. In the case of neither product is there
any indication of a control for therapeutic efficacy ;
the control described is purely for freedom from undue
toxicity, and that only in the case of the older 606.
This relatively simple procedure may have been
adequate in the circumstances of production in Ger-
many, where the whole supply of both preparations
has been made in one factory, working in close touch
with the inventors.

The Problem in England.
The problem presented in this country was some-

what different. The directions for making 606 were
fairly complete in the patent specifications, and the
only task before the manufacturers concerned was to
find those precise working details, of the somewhat
complicated and uncertain process, which would give,
with reasonable uniformity, a product corresponding
not only in chemical composition, but in physical
properties with the original salvarsan, and having
no greater direct toxicity than this preparation, as I
revealed by tests on animals. This was achieved by
several manufacturers, and a satisfactory supply of 

<

606 was obtained, was supplied throughout the war,
and is still available. 
The position was not so clear in the case of 914.

The details given in the patent specification are not
adequate, and the composition of the product differs
widely from that suggested by the theoretical formula.
A substance corresponding to this formula would 1
contain much more arsenic than the neosalvarsan to
which the clinical worker was accustomed, and could not i

safely be supplied for use in the same dosage. Each i
manufacturer, therefore, had to supplement by his 1

own ingenuity the imperfect information available, <

in the endeavour to make a product which could
safely and adequately replace the familiar neosalvar- could

san. In these circumstances it did not seem justifiable ’
to follow what was, apparently, the German practice j i

with regard to neosalvarsan, and allow these substitutes
to be issued without biological control. A new basis
of testing had, therefore, to be formulated, founded
not upon any existing German precedent, but upon
what could be discovered from the literature and from
actual tests of such samples of the original preparation
as could be obtained. After a preliminary experimental
period, which was prolonged by various conditions
then existing, the basis was adopted on which
products of this type have now long been and still
are regularly tested. It was decided that only such
batches should be allowed to be issued for thera-
peutic use as were tolerated by mice, on intravenous
injection, in a dose of 0-3 mg.-per gramme of body-
weight. Each batch is tested on five mice in this dose,
and if more than one mouse dies, or if definite
bad symptoms are produced, the batch is rejected.
Recent experience with an adequate series of batches
of German neosalvarsan shows that the dose had been
correctly chosen for the limit of tolerance for this
product; nearly every batch of original neosalvarsan
which has thus been tested will pass the test on the
dose of 0-3 mg. per gramme of mouse, but all would
fail if the dose were raised to 0-4 mg. per gramme.

Two Distinct Classes of Neosalvarsan Type.
A short experience with the application of this test

sufficed to indicate that the preparations of the neo-
salvarsan type submitted for test fell into two well-
marked classes. On the one hand were those which
resembled the German product more or less closely in
appearance, in solubility, and in the rapidity with which
their solutions underwent decomposition if left standing
exposed to the air. On the other hand, there were
others which had an advantage over the German
product in their extremely free and rapid solubility;
and which gave evidence of much greater stability
in solution. Preparations of the former class had a
border-line toxicity from the point of view of the test;
many samples just passed it, and many others failed.
A slight raising of the standard would have excluded
nearly all. Those of the latter class-the freely
and immediately soluble type-passed the routine test
with an almost unbroken regularity ; when, experi-
mentally, sample batches of this type were tested on
higher doses, it was found that many were tolerated
in a dose of 0-5 mg., some even in a dose of 0-6 mg.
per gramme ; i.e., the toxicity was often only one-
half of that at which they would still have passed the
official control.
No question of a control of therapeutic efficacy

arose at this time. It would have been impossible, in
any case, to carry it out with the staff available under
war conditions. From the clinical side there was no
hint of dissatisfaction ; here again, in the hurry to.
get men through their treatment and return them to
duty, no adequate control of results was possible.
The practitioner appreciated the additional con-

venience afforded by rapid and perfect solubility, and
the freedom from constitutional reactions, even when.
highly concentrated solutions were injected. The
demand for the more soluble and less toxic type of-
product grew very rapidly, until manufacturers whose
endeavour had been rather to copy the German product
found themselves forced to modify their process, so as
to produce a more soluble type. Therewith the
toxicity of their products fell likewise to the lower-
level. When, under peace-time conditions, it became
possible to follow more thoroughly the effects of
treatment, it was reported from several sources to the-
Salvarsan Committee (appointed meanwhile by the
Medical Research Council) that the curative action of
the 914 products in use, which by that time had
almost entirely conformed to the more soluble and
stable type, was under serious suspicion of being-
inadequate. An investigation was therefore under--
taken by those charged by the Medical Research
Council with the duty of testing these remedies. They-
were able to use, with slight modifications, .the’
method, -then recently recommended by American
workers, of evaluating the therapeutic power on micf
infected with a strain of trypanosomes. They found



780 DR. H. H. DALE AND OTHERS: EXPERIMENTS WITH M14.

indications of a pronounced inferiority in therapeutic
action of the 914 products of this country, as compared
with the original German product, or with the former
output of some British manufacturers. The facts
were fully presented to the manufacturers concerned ;
the latter, with their experience, were then able to
produce preparations which, while retaining some of
the advantages of rapid solubility, showed as good
therapeutic qualities as the German preparation,
according to the experimental indication, and still
satisfied the official control as regards toxicity. These
are the British products of the 914 type which are now
being supplied.

The Need for Official Control of Products of the
914 Type.

The result of this investigation made obvious the
desirability of imposing, if possible, an official control
of products of the 914 type for therapeutic potency,
in addition to the existing one for absence of abnormal
toxicity. The existence of the latter alone, in the
case of a substance of ill-defined composition, such as
914, tempted the manufacturer to secure a smooth
passage for his product, by slight changes in the
process, which gave it regularly a lower toxicity than
that which the test allowed. It was clearly desirable
to make certain that, in so doing, he was not weaken-
ing its therapeutic action. Before steps in this direc-
tion could be considered, however, it was necessary to
ascertain whether the difference in efficacy of different
samples in removing trypanosomes from the peri-
pheral circulation in mice corresponded with a clearly
recognisable difference in their efficacy in removing
the spironemes from syphilitic lesions in the human
patient. The following sections of this paper describe
the details of the investigation, in which the same
representative samples of the different types of
product were compared both experimentally and
clinically. It will be seen that, so far as the clinical
observations permit conclusions as to relative thera-
peutic efficacy in syphilis, the results of the clinical
trial are in full accord with the experimental estimates.
The experimental work detailed in the following

section has been carried out by Dr. Burn, Miss
Durham, and Miss Marchal; the clinical- observations
were made at the Rochester Row Military Hospital
by Major White and Mr. Mills.

II. EXPERIMENTAL RESULTS.

By J. H. BURN, F. M. DURHAM, and J. E. MARCHAL. ,,

The experimental method used for estimation of
the relative therapeutic value of different prepara-
tions of 914 is a modification of that recently
described by Voegtlin and Smith (1920).1 These
workers determined the least dose of a preparation
requisite to produce a certain effect on rats in which
trypanosomiasis is developing. By counting the
number of organisms pcr c.mm. in the tail blood of
infected rats, Voegtlin and Smith were able to select
animals suffering from the disease to the same extent,
and were then able to compare the effect of different
doses of the curative preparation. In our experi-
ments the first results were obtained by the use of
rats infected with Trypanosoma rhodesiense, and we
observed, as did Voegtlin and Smith, the effect of a
dose of 914 on the number of trypanosomes in
the peripheral blood at the end of 24 hours. Our
’supply of rats ran short, however, and, as we were
accustomed to use mice for the biological test for the
toxicity of samples of 914, we determined to attempt
to carry out the therapeutic test also on mice. About
the same time, through the kindness of Prof. Mesnil
of the Pasteur Institute, we obtained a strain of
T- equiperdum, and we infected mice with this species.
We found mice much more convenient than rats for
the therapeutic test ; they were much easier to
handle, and the procedure of intravenous injection
into a large number of animals was much less exhaust-
ing. We made a further departure from the details

1 C. Voegtlin and H. Smith : Journ. Pharm. Exper. Ther.’
1920, xv., 175.

described by Voegtlin and Smith in observing the
effect of the curative dose until 72 hours had elapsed
from the injection, for we found this to be a more
suitable end-point than the shorter period of 24 hours.
While the bulk of’ our work has been carried out on
mice infected with T. equiperdum, observing the
curative effect for a period of three days, it should
be stated that we obtained closely similar results,
using rats infected with T. rhodesiense and observing
the therapeutic effect only for 24 hours.

It will be sufficient to outline our precedure in the
case of the experiments with mice infected with
T. equiperdum. When the strain of this organism
was first received, it was transferred to rats and
passed through several animals of this species in
order that a constant virulence might be obtained.
The strain has been transferred from rat to rat ever
since, and when we desired to carry out a therapeutic
test, mice were infected from the blood of a rat by
injecting into them intraperitoneally 0-1 c.em. of an
emulsion of the infected rat’s blood in 1 per cent.
citrate saline, such that the total number of trypano-
somes received by the mouse was in. the neighbour-
hood of 7-8 million?.

Method of Experiment.
For one experiment, as a rule, 30 mice were in.

fected in this way, and two days later an attempt
was made to select from the 30 mice those in which
the infection had progressed to a sufficiently uniform
stage. This was done by pricking the tail of each
mouse and drawing up a drop of blood into a hsema-
cytometer pipette exactly as in carrying out a red-
cell count. As a diluent, Toison’s fluid was used, to
which a little formalin had been added. When the
blood had been thoroughly mixed with the stain, a
drop from the pipette was transferred to the counting
chamber in the usual way, and after being covered
with a cover-slip was allowed to stand for five minutes
in order that the organisms present might settle down
on to the floor of the chamber. These were seen,
under the 1/6th mm. objective, to be sharply fixed
and stained, so that their enumeration was as easy
as that of the leucocytes. In our experience two
days after infection, out of 30 mice about 20 contained
trypancsomes in the peripheral blood in numbers
varying from 100,000 to 500,000 per c.mm. Voegtlin
and Smith found that in rats, for the purpose of com.
paring the therapeutic effect of doses of different
sizes, animals whose blood contained 100,000 to
300,000 organisms per c.mm. could be regarded as

being at a uniform stage of infection. A series of
determinations showed us that in mice a dose pro-
ducing a certain degree of curative action on animals
containing 100,000 trypanosomes per c.mm. could
exert the same effect on those containing as many
as 500,000 per c.mm., but not on those in which
trypanosomiasis had developed further, unless the
dose were relatively large. Mice, in which the number
of organisms lay within the limits 100,000 to 500,000
per c.mm., have, therefore, been regarded as infected
to a " standard " extent, and the use of mice with
slightly larger numbers of organisms has been limited
to the study of the effect of doses considerably greater
than what we describe as the minimal curative dose.

’ The various samples of 914 preparations examined
have in every case been administered intravenously,
a procedure very simple to carry out in mice bv
injection into one of the tail veins. The effect of
the injection has been observed by microscopic
examination for the presence of trypanosomes in
drops of blood taken from the tail and examined
fresh under 1/6th mm. objective. Such examinations
of the blood were made 24, 48, and 72 hours after the
injection of the drug. A certain convention was
adopted in recording the results of the examination.
In the fresh, living condition, trypanosomes are very
easily detected, on account of the disturbance of red
corpuscles due to their lashing movements. If
systematic search through a drop of the fresh blood
failed to reveal the presence of any trypanosomes.
the result was recorded as " nil." This does not
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mean that we supposed that the animal had been
rendered perfectly free from trypanosomes ; but, as
a matter of practical observation, we found that, at
the end of 72 hours, the trypanosomes were either so
abundant that they were readily found in a drop of
blood, or so scarce that none were found. In the
former case, the infection always showed a rapid
re-acceleration of its progress, and the animal died

TABLE I.-Experimental Examination of Sample
C of British Manufacture.

(k) = :BIou<ie.
(B)=Size of infection before injection, in thousands per c.mm.
(C)=Dose of Cl calculated in mg. per g’.
(D) =1B0. of trypauosomos present in peripheral blood after

periods of hours.

D=dead. 
__- _. -__-_

within the next two days. In the latter case, the
trypanosomes were not discovered by the routine
examination of one drop of blood for several days
afterwards, and were usually not found for upwards
of a week, the animal living for a fortnight or more
longer. Although, therefore, the finding " nil " does
not represent an absolute cure, it does represent a
sharply differentiated and easily recognised degree of
therapeutic action. It was not difficult to determine
the minimum dose which would regularly produce
this effect. Throughout this investigation, the dose,
determined for each preparation, has been the least
.dose which caused, within 72 hours, a disappearance,

TABLE III.-First Comparison of British and
German 9 J Products.

’(1)) -" Preparatioll. (Mi.) minimal curative dose.
(Ma.)= Maximum tolerated dose.
(1tD)=Ratio of curative dose to tolerated dose. 

I

complete in the above sense, of trypanosomes from
the tail blood of a mouse with a standard injection.
Such a dose has been termed the minimal curative
dose.

Description of Tables.
We may first give in full detail the results of the

examination by this method of two preparations, one
of which is the German product, and the other a
preparation of different make, purporting also to be
914, but showing a marked inferiority in therapeutic
value when examined by the test. Each table is a ’,
compilation of data obtained in three experiments
’on three sets of infected mice. The second column I
in the tables gives the number of trypanosomes in
each e.mm. of the tail blood of the mouse, which was
found shortly before the injection was made. The
third column expresses the dose administered in
terms of mg. per gramme of body-weight; while, so far

as possible, mice were chosen of 20 grammes weight,
the dose was always calculated so as to be propor-
tional to their exact weight (to the nearest gramme).
The last three columns give the result of the examina-
tion of a drop of fresh blood at the stated intervals
after the injection. Roughly, the result recorded
as tttt means that trypanosomes were present in
the tail blood in numbers exceeding 500,000 perc.mm.;

TABLE II.-Examination of Sample Al, which was
Current Neosalvarsan of German Manufacture.

(E) --1B1011SC.
(F) =Size of infection before injection, in thousands per e.mm.
(G)=Dose of Al in mg. per g.
(H) = No. of trypanosomes present in blood at a period (hours)

after injection. 
,----.-- - 

-,-- 

c - -’-----,--

_ _ 

D = dead. 
__ -

fit indicates numbers from 100,000 to 500,000, and ft
means an infection lying between 10,000 and 100,000
finally, t is used for less than 10,000 per c.mm.
The result set out in Table I. of the examination

of preparation Cl, which was manufactured in this
country, is seen to be that a dose of 0-06 mg. per g.
removed all trypanosomes from the tail blood of each
of the four mice in 48 hours, while, on the other hand,
in 72 hours all mice receiving a dose of 0-04 mg. per g.
were dead. The effect of a dose of 0-05 mg. per g.
was intermediate. We take the figure 0-06 mg.
per g. for preparation Cl and consider it to represent
the " minimal curative dose," this being the least
dose which removed trypanosomes from the blood
of all mice within 72 hours.

TABLE IV.-Comparison of the German Product with
the New British Products supplied to us by the
Manufacturers after the existing inferiority had been
pointed out to them.

In Table II. are given the results of preparation A.1,
which is a sample of the current neosalvarsan of
German manufacture. In this table it is seen that.
for Al the least dose which is able to cause the dis-
appearance of trypanosomes from all mice in 72 hours
is 0-02 mg. per g.

In this way an examination of several 914 products
was undertaken, several samples of each make being
tested. Table III. sets out the results of this examina-
tion ; in the second column it will be seen that the
figure for the minimal curative dose of the German
preparations is, in the case of each of the samples
tested, 0-02 mg. per g. The figures for the other
preparations are, with one exception, twice to three
times as great, indicating an obvious inferiority in
therapeutic value.
The third column of Table III. gives the " maxi-

mum tolerated dose " for the corresponding prepara-
tion. This, as mentioned earlier, is the largest dose
which can be injected intravenously into each of five
normal mice without causing death in more than one
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of them, and it forms an expression of the toxicity
of the preparation. A comparison of the minimal
curative dose with the maximum tolerated dose, such
as is presented in the last column of Table III., shows
that, as a rule, though not invariably, a fall in cura-
tive value is accompanied by a proportionally smaller
fall in toxicity, but there is no close correspondence
between the two indices.
We may now draw attention to the results obtained

by carrying out the therapeutic test on preparations
furnished by British manufacturers after they were
informed of the results already detailed. The results
appear in Table IV. In the second column of the
table the minimal curative dose of each preparation
B3 and C3 is seen to be practically identical with that
of the current German neosalvarsan, the figure for
B3 indicating a slightly greater therapeutic value
than that for A3.

Finally we wish to state briefly that we have not
discovered any differences by this method between
the therapeutic value of different makes of 606,
whether British or German. All give uniformly the
value of 0-01 mg. per g. for the minimal curative dose,
which may be compared with the figure 0-02 mg.
per g. for the best 914 preparations recorded above.
Six of the samples of 914 preparations experi-
mentally tested were then chosen for a clinical com-
parison, the report of which is given in the next
section. These samples are referred to in Tables III.
and IV. as A2, A3, C2, C3, and B2, B3.

It will be seen by reference to these tables that
A2 and A3 are current samples of the German neo-
salvarsan. B2 and C2 are samples of British manu-
facture, taken from the period before the suggestion
of defective therapeutic properties was. raised.
According to the experimental indications, as shown in
the tables, B2 was seriously defective in therapeutic
power, having only about two-fifths of the activity
of the German samples, whereas C2 was chosen as
being a. particularly active sample of the British
product at that period, its activity being, apparently,
about two-thirds of that of the German product, as
judged by the experimental test on trypanosome
infection in mice. B3 and C3 are samples from the
same two British sources as B2 and C2, but taken
after the methods of manufacture had undergone
modification, in accordance with the above indica-
tions. B3, it will be seen, is experimentally rathei
better than, and C3 approximately equal to, A2 and
A3 in therapeutic activity.

III. CLINICAL RESULTS.

By C. H. MILLS and C. F. WHITE.
FROM THE MILITARY HOSPITAL, ROCHESTER &OW, S.W.

In view of the growing opinion which we have
shared with other clinicians that the recent endeavours
on the part of the manufacturers to lessen the toxicity
of the newer 914 preparations had to some extent
also lessened their therapeutic properties, we readily
complied with Dr. Dale’s suggestion in carrying out
these investigations in syphilitic patients, concur-
rently with a parallel series of experiments conducted
in his department, in which the same preparations
of 914 were used in mice infected with T. equiperdum.
No experimental work hitherto carried out has

been of sufficient inportance to prove, or disprove,
that the results obtained in treating trypanosome-
infected mice with arsenobenzol form a true indica-
tion of the spirocheticidal value of such drugs in
syphilitic patients. Opinion has leaned towards the
assumption that no reliable comparison could be
drawn between the results so obtained when dealing
with different organisms in such different soils. We
fully recognise that the number of cases employed is
small, but we have taken the view that the results
obtained in a very thorough investigation upon a few
cases are usually of more scientific value than those
obtained in a larger total under a less rigid scrutiny.
Again, a very obvious source of error is the varying
degree in which the different individual syphilitic lesions
-even in the same patient-are affected by an intra-
venous injection of an arsenobenzol preparation.

The main factors in such variation are probably the
rate and amount of penetration of the derivative of
the drug into such lesions. One would arrive at a,
very inaccurate deduction in comparing the effect
produced upon spirochaetes protected in the depth
of a densely indurated and avascular chancre, on the
one hand, with that produced on spirochsetes in an
early, superficial, vascular and therefore more per-
meable lesion, on the other. With this in view,,an
endeavour has been made, in the majority of primary
cases, to select only those in which the characteristics
of the chancre most nearly approached a clinical
uniformity.

In our series of syphilitic patients (Table V.) cases
were chosen presenting readily accessible surface
lesions, and in every instance the S. pallida was

TABLE V.

(1) Preparations A2 and A3 (0’45 g. injected intra-
venously) ; current German samples. Minimal curative
dose for mice 0’02 mg. per g. (high activity).

v 
_ 

i i 
-

Preparation, Cases 1 to 4 : A2. Cases 5 to 10 : A3.
S.P. =S. pallida. * Patent not available; in detention.
Remarks.-In only one case out of 10 could S. pallida be-

detected in 18-20 hours after an intravenous injection of
preparations A2 and A3. It was again detected 48 hours after
injection, but was not detected 9G hours after’injection.

(2) Preparation B2 (0’45 g. injected intravenously).
Minimal curative dose for mice 0’05 mg. per g. (low activity).

Remarks.-An injection of 0-45 g. preparation B2 (intracenoue)
failed to destroy S. pallida in surface lesions in 18-20 hours in
eight out, of 10 cases.

* None detected 168 hours after first injection.



783DR. H. H. DALE AND OTHERS: EXPERIMENTS WITH 914.

(3) Preparation B3 (0’45 g. injected intravenously).
Minimal curative dose for mice 0’015 mg. per g. (high 1.activity).. ]

Reinorlcs.-S. pallida could not be detected in 18-20 hours
after an intravenous injection of 0,45 g. preparation B3 in six
.out of six cases.

* None detected 48 hours after first injection.

(4) Preparation C2 (0’45 g. injected intravenously).
Minimal curative dose for mice 0’03 mg. per g. (moderate
.activity).

Remarks.-In three out of six cases S. pallida was detected in
18-20 hours after an intravenous injection of 0-45 g. of prepara-
tion C2.

(5) Preparation 03 (0’45 g. injected intravenously).
Minimal curative dose for mice 0’02 mg. per g. (high
activity).

* Buttock and scrotum. t Gland puncture and chancre.
Remarks.-In one ont of six cases S. pallida could still be

detected after an intravenous injection of 0.45 g. preparation C3.

demonstrated by dark-ground illumination by one,
and frequently both of us, in such lesion as was
selected for the investigation, prior to the adminis-
tration of the 914 injection ; also the examination
for spiroehaetes in the lesions subsequent to the
injection of the drug under investigation was very’
thorough. It was not until several specimens taken
from the depth of such lesions had been carefully ’,,

examined for spirochaetes by dark-ground illumina-
tion with negative results that " none detected " was
recorded.
The dose in each series, .and in every case, was

0-45 g. dissolved in 10 c.cm. Aqua dest., and was
administered intravenously. The subsequent exami-
nations for spirocheetes were carried out 18-20, 48,
and 72 hours after each injection. By the term
" duration " is meant the time that elapsed since
infection to the date of the first injection.

IV. CONCLUSIONS.

Putting together the results obtained by experi-
mental and clinical testing of the preparations which
were submitted to both kinds of examination, we
obtain the comparison shown in Table VI. The

TABLE VI.

clinical observations which enable a differentiation
to be made are the examinations for the presence of
spiroch&aelig;tes made 18-20 hours after the administra-
tion of the dose of 0-45 g. Ideally the effects of
lower doses should have been compared at later
periods after administration, but the number of
suitable cases available made this impracticable.
With the chosen dose of 0-45 g., the examinations at
later periods obviously had relatively little signi-
ficance. Even with the worst of the preparations
the spirochsetes had been so affected by the third or
fourth day that they were no longer discoverable in
the superficial lesions. On the other hand, the
experimental results showed that the effects of larger
doses 24 hours after administration afforded a less
regular basis of comparison than those of smaller doses
after 72 hours. In comparing the experimental findings
with the clinical, therefore, we are frankly comparing
the results of estimates made on two different bases.
When it is further remembered that, with all the care
exercised by the clinical workers in the selection of
cases, nothing approaching uniformity of the experi-
mental infection could be expected, the correspon-
dence of the two sets of results is surprisingly good.
In no case does a preparation, giving evidence of
weaker action by the experimental measurement,
make as good a showing, by the widely different
clinical method of appraisement, as one which is
experimentally its superior. If the preparations are
arranged in their order of activity by the two methods,
the orders are identical. No closer correspondence
could be expected under the conditions of the com-
parison, and the correspondence obtained is so good
as to justify, in our opinion, the conclusion that the
determination of the therapeutic action on mice
infected with trypanosomes is, at least, a very valu-
able index, if not an accurately quantitative measure,
of the therapeutic activity of different samples of a
preparation such as 914 on syphilis in man. The
method has, accordingly, been put into routine use
in the Medical Research Council’s Department of
Biological Standards at Hampstead, an occasional
check of therapeutic activity being thus imposed, in
addition to the regular testing of every batch of such
products for absence of undue toxicity.

LITERARY INTELLIGENCE.&mdash;The U.S.A. Association
of Military Surgeons announce the forthcoming publication
of " Notes on the History of Military Medicine," being the
collected articles by Lt.-Col. Fielding H. Garrison which
have appeared under that title in the Military Surgeon
since November, 1921, and will be concluded in the July
issue.
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AN EXPERIMENTAL INVESTIGATION OF THE

CORPUS LUTEUM IN ITS RELATION TO
THE TOX&AElig;MIAS OF PREGNANCY.

BY R. L. MACKENZIE WALLIS, M.A., M.D. CAMB.,
CHEMICAL PATHOLOGIST, ST. BARTHOLOMEW’S HOSPITAL,

LONDON; LECTURER IN CHEMICAL PATHOLOGY TO
THE HOSPITAL MEDICAL COLLEGE;

AND

H. G. EVERARD WILLIAMS, M.D. CAMB.,
CHIEF ASSISTANT IN THE DEPARTMENT OF WOMEN’S DISEASES,

ST. BARTHOLOMEW’S HOSPITAL; LAWRENCE RESEARCH
SCHOLAR TO THE HOSPITAL MEDICAL COLLEGE.

1. Introduction.
IN the present paper we propose to give a short

summary of the investigations we have made upon the
functions of the corpus luteum in relationship more
particularly to the toxaemias of pregnancy. The
work was initiated with the express purpose of
attacking the problem of the causation of eclampsia,
the origin of which is still unknown. The condition
has been aptly described as a " disease of theories,"
and we hope to present data, largely experimental in
character, to place these dread complications of
pregnancy on a more scientific foundation.

2. Chemical Pathology of the Tox&oelig;mias
of Pregnancy.

For several years one of us (R. L. M. W.) has been
interested in the chemical changes observed in the
blood and urine in normal and abnormal pregnancies.
In a recent paper certain tests were described which
had been found to be of value in differential diagnosis
between nephritis in pregnancy and toxic mani-
festations. The results of the blood and urinary
analyses in toxaemias led to the conclusion that the
toxin or toxins acted directly on the maternal circu-
lation, producing particularly changes in the capillary
tufts of the glomeruli-i.e., a glomerulosis or nephrosis.
The result of this change was to render the glomeruli
hyper-permeable, and as a result the urine showed a
high diastase content, high normal urinary sugar, and
normal urea content. This produced a corresponding
diminution in the blood both of diastase, sugar, and
urea. These changes are much more marked in the
early stages of the disease, and the kidney appeared to
be the chief organ affected at this stage. Later the
tubules of the kidney are affected, and then the
urinary characters approach those met with in
chronic parenchymatous nephritis. At a still later
stage the clinical picture is altered by the con-

comitant changes in other organs, particularly the liver,
lungs, and brain. In this stage the prognosis is, of
course, distinctly unfavourable. At first it was

thought that the changes in the urine might be
ascribed to necrosis of the pancreas, but apart from
the high urinary diastase there was no evidence to
support such a conclusion. The placental origin of
eclampsia has been upheld by many authorities, and
this still holds the field. The introduction of Abder-
halden’s test for pregnancy was hailed as an additional
argument in favour of this theory. In applying the
test to cases of eclampsia the results showed that there
was no evidence of an excess of placental protein and
protective ferment in this condition, but rather the
reverse. The test, however, has not stood the passage of
time, so that we do not wish to advocate this argument
either for or against the placental theory. One of us
(R. L. M. W.) has been a strong supporter of the
placental theory, and in discussing the subject the
question of the part played by the corpus luteum
was raised by H. G. E. W. 1 The result was a combined
attack on this interesting problem and the data

1 The latter was strongly opposed to the placental theory on
several grounds. He holds that the tox&aelig;mia of pregnancy must
arise from some body which is present in the maternal tissues as
early as the sixteenth week of pregnancy (which is the earliest
date at which toxic symptoms appear) throughout the preg-
nancy, and in the early days of the puerperium (when post-
partum eclampsia occurs). It follows that this body is not in the

foetus, because in a molar pregnancy there is no f&oelig;tus, nor is
it considered likely to be in the placenta. The only other body
which satisfies the condition is the corpus luteum of pregnancy
which is present from the time of fertilisation and persists
throughout the pregnancy until about 14 days in the puerperium.
In passing it may be recalled that the most severe type of
tox&aelig;mia may be met with in molar pregnancy.

obtained are given in a summarised form below. We
would point out that the present paper is in the nature
of a preliminary communication recording our own
observations, without exploring the realms of theory,
or attempting to explain all the various manifestations
of pregnancy which have been recorded in the past.

3. The Mode of Preparation of Corpus Luteum
Extracts.

The corpus luteum has been the subject of investi-
gation by many workers, both in the field of com-
parative anatomy and also in its developmental and
histological changes. All are apparently agreed in
placing the corpus luteum in the endocrine system of
glands. So far no one has succeeded in isolating the
active principle or principles of this gland, although
many commercial preparations are made and advocated
as cures for many female maladies. In a trial of
these various preparations we were not convinced of
their efficiency as providing the internal secretion,
and from subsequent work upon the subject it would
appear eminently desirable that they should not
possess this substance. It was clear at the outset that
some new method of preparation should be adopted.
The details of our failures need not be recorded here.
but suffice it to say that only absolutely fresh corpus
luteum was found to be of value for this purpose.
The extraction was carried out in the cold with alcohol
as the extractive, and in the subsequent manipulations
the temperature of the solution was never allowed to
rise above 56&deg; C. A solution of the substance was
made up in saline, and proved to be protein free.
From its reactions and chemical composition the
substance appears to be associated with a lipoid.
There was no cholesterol present, and no choline,
histamine, or tyramine could be found. It is destroyed
by heat, and rapidly deteriorates when in solution.
Fresh solutions of the active substance were made up as
required, and the results of injection into animals are
recorded below. The source of the material was
largely from the ovaries of the pig obtained imme-
diately after killing, and also from the corpus luteum of
human subjects removed by operation. The extrac-
tives from both sources were identical in their reaction.
The fact that the corpus luteum of pregnant women
contains such an active principle receives further
corroboration as the rest of the application of a new
test for pregnancy. The highly refractile solution
was found to undergo destruction when incubated
with the serum of a pregnant woman, and in every
case tried this was found to be the case. The test was
also positive in women during the early stages of
menstruation. The same test applied to the serum
of non-pregnant women, and also to males, was

consistently negative. The changes are observed by-
means of the refractometer, and since the test does
not require to be quantitative, minute differences in
the readings may be neglected. At the moment the
control observations exceed the actual tests in number.
and this mode of procedure appears to be justifiable
with any new test. In our opinion these important
observations provide us with a very valuable link in
the chain of our research.

4. Animal Experiments.
In the following experiments, clear protein-free

solutions were used in all cases. We believe these are
the first recorded experiments in which extractives of
this kind have been used, and which are therefore free
from the objection of injecting animals with foreign
proteins. In all cases the animals used for injection
purposes were rabbits.

Expt. A.-Intravenous injection of 5 c.cm. of a solution
of corpus luteum extract from the pig. Animal very ill,
and died within 18 hours. Sections taken from various
organs showed no marked histological changes.


